Agrobacterium tumefaciens (Smith and Townsend) Conn is a gram-negative, soilborne bacterium that causes the plant disease known as crown gall. Crown gall tumors are undifferentiated, neoplastic growths that result from the stable incorporation and expression of a segment of bacterial DNA in the host (11) . Although the mechanism of DNA transfer is unknown, tumorigenesis requires a wound and appears to be triggered by adsorption of Agrobacterium cells to plant cells.
Very large numbers of A. tumefaciens cells adsorb to susceptible potato tissues (12) , and such adsorption can be described in terms of the Freundlich adsorption isotherm (7) . Although bacteria are complex living organisms that move and respond to physiological stimuli, they fall within the size range of colloid particles and often exhibit the properties of collodial suspensions (10) . Therefore, the adsorption of bacteria to solid surfaces is likely to involve many of the same forces of attraction and repulsion that operate in the adsorption of inert colloid particles to solid surfaces (1, 3, 5, 10). Adsorption of particles from a liquid phase onto a solid may proceed by purely physical means (physisorption) or may require the formation of chemical bonds (chemisorption) (4, 13, 14) . The response of these processes to temperature is distinct and may be used to separate them. Here, we report the results of temperature experiments designed to characterize the initial adsorption of A. tumefaciens to susceptible plant tissues in terms of these processes.
Tumorigenic A. tumefaciens B6 was from J. Lippincott, Northwestern University. The bacteria were maintained at 6°C on gluconate-mannitol agar slants (2). Bacteria for use in adsorption experiments were from 4-to 5-day-old slants. The cells were washed from the slants with phosphatebuffered saline (PBS; 7.2 g of NaCl, 2.79 g of Na2HPO4, 0.43 g of KH2PO4 per liter of deionized water; pH 7.2), centrifuged for 10 min at 8,000 x g, and suspended in PBS. Bacterial concentrations were determined turbidimetrically.
Adsorption of A. tumefaciens to potato tuber tissues was measured directly, as described previously (7) . The kinetics of adsorption were determined after incubation of disks in bacterial suspensions at 28TC for 0.5, 1, 5, 10, 30, and 60 min.
At each time, three disks were rinsed and homogenized in PBS. The homogenates were serially diluted and spread on yeast extract-mannitol plates. The number of CFU was tallied after incubation of the plates for 36 to 48 h at 28°C.
The number of bacterial cells adsorbed to each potato disk was calculated from measurements of the number of CFU on four plates, and the experiment was repeated four times. Each disk bound nearly 3 x 104 bacterial cells after incubation for only 30 s (Table 1) . Althotigh the number of adsorbed bacteria continued to increase with time up to 30 min, there was no statistically significant increase in the number of bacteria bound after 60 min.
Bacterial suspensi6ns (105 to 108 cells per ml) and PBS rinse solutions were equilibrated before the initiation of controlled temperature experiments. A refrigerator was used for 6°C treatments, and a water bath was used for 38°C treatments. The 28°C plates were maintained at room temperature. Potato disks were aseptically placed into covered plastic petri dishes, which were maintained at the appropriate temperature for ca. 3 min. The disks then were transferred to wire baskets, which were immediately lowered into the bacterial suspensions (7). A 60-min incubation period was used to ensure that equilibrium was attained. The disks then were washed, and the number of bound bacteria was determined as described above. Each experiment was repeated three times with fresh cell suspensions.
The adsorption isotherms obtained at 6°C, 28°C, and 38°C with bacterial concentrations spanning three orders of magnitude are shown in Fig. 1A . Least squares regression analysis by the General Linear Model procedure of the Statistical Analysis System was used to compare the slopes and y intercepts of the isotherms. Comparison of the isotherms by using simple linear regression was valid, because the adsorption isotherm at these bacterial concentrations is described by the linear relationship Cb = kC5, where Cb is the number of bound bacteria, C, is the number of free bacteria, and k is a constant (4, 7). Log-transformed values for both the initial bacterial concentration and the number of adsorbed bacteria were used in the regression analysis, and temperature was considered to be a class variable. Temperature did not significantly alter the y intercepts of the three isotherms (P = 0.05). The slopes, however, differed significantly from one another (0.045 < P < 0.05). When a separate statistical analysis was carried out using only the 28°C and 38°C isotherm data, neither the slopes nor the y intercepts differed significantly.
Isosteric heats of adsorption were determined with the This also may be expressed as log Cs = 2.3(AH/R)(1/7). The log concentration of unbound bacteria (Cs) at'equilibrium at a given level of bacterial adsorption for each of the three temperatures examined is plotted against 1T in Fig. 1B . In such plots, HIR is the slope 'of a line that facilitates the derivation of the heat of adsorption. The correlation coefficient for each of the four lines in Fig. 1B was >0. 91. An analysis of variance showed that the slopes of this family of lines were not statistically different from one another or from zero (P = 0.05). This indicated that the heat of adsorption was nearly zero. Sequential adsorption experiments were initiated by immersing potato tuber disks in a suspension of strain B6 (2 x 107 cells per ml) at 28°C as described above. After 30 min, the disks were removed, and a freshly prepared set of disks was placed into the bacterial suspension. After 30 min, the second set of disks was removed and a third freshly prepared group of disks was lowered into the bacterial suspension. These disks were removed after 30 min. All three sets were rinsed immediately after removal from the bacterial suspension, as described previously (7) . Four individual disks from each set were homogenized, and the number of bacteria adsorbed per disk was determined. In two replicate experiments, the mean numbers of bacteria adsorbed per disk (± standard deviation) for the first, second, and third groups of disks were 9.8 + 4.1 x 104, 1.1 0.43 x 105, and 1.5 ± 0.66 x 105, respectively. There were no statistically significant differences between any of the three groups at the 1% level (Student's t test). This indicated that binding ability was not restricted to a small subpopulation of bacteria.
We conclude that the adsorption of A. tumefaciens to potato tuber disks is a relatively rapid equilibrium process. Over 10% of the maximum number of adsorbed bacteria was bound in 30 s. Equilibrium was reached in about 30 min, and distinct binding and nonbinding bacterial subpopulations were not detectable. Temperature variation between 6°C and 38°C did not have a significant effect on binding, even though it would be expected to influence bacterial physiology. The heat of adsorption as determined with the ClausiusClapeyron equation was nearly zero, well below the 10 to 20 kcal (1 kcal = 4,184 J) value arbitrarily established as the point above which chemisorption most likely predominates (4, 13) . In conjunction with our earlier data (7, 12) , these results underscore the role of physisorption in the binding of A. tumefaciens to potato tuber tissue. Our observations are consistent with evidence from other systems (6, 8, 9) 
